Introduction And Background
Ecchordosis physaliphora (EP) is a benign, congenital lesion representing a notochordal remnant thought to arise by perforation of ectopic nests through the axial skeleton. It occurs particularly at the level of the clivus and sacrum where a convoluted course provides a detour from these cells' natural embryologic path [1] . Distinguishing EP from its malignant counterpart, chordoma, is of paramount importance. EP is usually asymptomatic, whereas chordomas can present with headache, multiple cranial nerve palsies, and rapid progression to death, despite surgical debulking and radiation therapy [2] . Diagnosis relies on a multimodal approach, taking into consideration the radiologic characteristics and, if made possible, by biopsy, histopathologic, and immunohistochemical features. The radiologic profile of both these lesions provides the most clinical utility, particularly in deciding whether to pursue conservative measures, such as serial imaging for EP, versus surgical resection with postoperative radiation for chordoma. We conducted a systematic review of case reports described in the literature, providing a nearly complete dossier of symptomatic cases of EP, from which we propose diagnostic criteria as well as a clinical classification system for EP, both of which are currently lacking. We believe these two tools can help guide neurosurgeons in the management and prevention of potentially catastrophic events (e.g., sudden death due to subarachnoid hemorrhage) that could occur when one favors a conservative approach with a high-grade EP or mistakenly diagnoses EP in the context of a malignant chordoma [3] .
Review Characterization of two asymptomatic EP cases at our institution
A 69-year-old man with a three-month history of hearing loss and a clival lesion identified on an MRI of the internal auditory canal (IAC) presented for neurosurgical consultation. The patient had an occasional mild headache and some mild memory impairment but otherwise no relevant symptoms. Neurologic examination was unremarkable. An axial CT head bone window revealed a low-attenuating lesion with sclerotic margins and a bony stalk within the dorsal aspect of the clivus ( Figure 1A) . The lobulated mass was hypointense on T1WI ( Figure 1B) and hyperintense on T2WI ( Figure 1C ). Enhancement following contrast administration was not observed. The appearance was most consistent with ecchordosis physaliphora. In addition, two homogenously enhancing meningiomas were noted overlying the inferior aspect of the left parietal lobe ( Figure 1D ) and the anterolateral aspect of the left temporal lobe (not shown). Approximately five months after initial presentation, the patient suffered a seizure. A 52-year-old man presented for evaluation of multiple anomalies found on a brain MRI. He had no headaches, nausea, or vomiting. Neurologic examination was unremarkable. Prior to consultation, he was experiencing neck and back pain with paresthesias in his arms and legs. Imaging of his lumbar spine showed an L4-5 herniated disc. Imaging of his cervical spine was unremarkable but showed suspicious brain anomalies. Scalloping of the posterior clivus with a possible bony stalk was identified (Figure 2A) . Brain MRI showed a T1-hypointense ( Figure 2B ) and a T2-hyperintense lesion measuring 0.5 cm AP by 1.2 cm transverse at the posterior aspect of the clivus along with possible capillary telangiectasia versus a tiny venous angioma in the pons ( Figure 2C ). CT angiogram (CTA) with and without contrast and brain MRI were performed to evaluate these lesions. The CTA ( Figure 2D ) demonstrated dolichoectasia of the left V4 segment (0.6 cm), a fenestrated proximal basilar artery with mild ectasia (0.7 cm). The clival lesions were consistent with a notochordal remnant (e.g., ecchordosis physaliphora); however, a thin-cut MRI was warranted to further evaluate this lesion in an attempt to rule out a more concerning lesion, such as a chordoma, which would require further workup or treatment. 
Methods
A review of the literature was conducted with the use of PubMed ( http://www.ncbi.nlm.nih.gov/pubmed/). Search terms "ecchordosis physaliphora" were used and yielded 51 results; dates of publication were between 1982-2016. The titles and abstracts of these publications were screened and only articles containing actual case reports were included. Twenty-four case reports were identified and collated into a summary of symptomatic cases of ecchordosis physaliphora. Full texts of 19 of the 24 English articles ( Table  1) were reviewed. We were unable to access full texts of five of the 24 articles but obtained relevant data from the associated abstracts. From the data collected, we proposed diagnostic criteria taking into consideration the clinical, radiologic, histopathologic, and immunohistochemical features. We went one step further by developing a classification system based on the hospital course and clinical outcomes described in the cases of symptomatic EP in our review with the aim of providing neurosurgeons and neurologists with a grading system that would allow one to rapidly make decisions using only clinical and radiologic features.
Diagnostic criteria
The histopathologic analysis demonstrates the sine qua non of EP diagnosis, that is, the physaliphorous cells, which were immersed in a myxoid amphophilic matrix and characterized by large mucin-containing intracytoplasmic vacuoles [12] . Other histologic features often described were the absence of mitoses, which corresponded to a low proliferative index and benign nature, as well as the lack of necrosis, sparse pleomorphism, and hypocellularity ( Table 2 ). 
Clinical Features

2: Proposed Diagnostic Criteria for Ecchordosis Physaliphora
Immunohistochemistry provides yet another means by which to increase the positive predictive value of the diagnosis of EP, albeit far from definitive. Positive staining for cytokeratins (e.g., AE1 and AE3), epithelial membrane antigen (EMA), S-100, galectin-3, and brachyury were consistent with notochordal remnants (i.e., both EP and chordoma), as were negative staining for GFAP, CEA, and 5'-nucleotidase. 5' nucleotidase staining was recognized as early as 1984, by Bottles and Beckstead, as particularly characteristic of chordomas [13] . Lastly, the MIB-1 index and Ki67 were commonly quoted to be less than 1% in cases of EP.
To date, there is no published grading system or guidelines for the management of EP. Chihara, et al. recently proposed a new classification system based on MRI FIESTA (Fast Imaging Employing Steady-state Acquisition) (details found in the conclusion). FIESTA sequences provide a strong signal in tissues with high T2: T1 ratios, such as cerebrospinal fluid (CSF), and high spatial resolution with submillimeter section thickness allowing for reconstruction of multiplanar images. Therefore, steady-state free precession (SSFP) sequences are capable of depicting tiny intracranial lesions in contrast to the traditional MR techniques [14] . Advances in MRI, such as FIESTA, provide clinicians with yet another tool to help identify these lesions much earlier and with greater precision with respect to progression in size. It is worth noting that in the papers by Chihara, et al. and Özgür, et al., an additional combined 26 cases of classical EP (Chihara, n = 17 and Özgür, n = 11) were identified. However, as these articles were not intended as case reports, we were unable to extract sufficient data to include in our review [14] [15] . Nevertheless, we attempt to integrate this classification system while codifying the data we have gathered through our review of literature into a new classification schema, which has the potential to guide management. Based on our review of symptomatic cases, all fall within the range of Grade III-V, thus, warranting surgical intervention or at least biopsy as these cases likely represent transformation to malignant chordoma. All but five cases were managed surgically with evolving techniques, details of which are beyond the scope of this review. Of the five patients, no data regarding operative technique was available due to sudden death (n = 3), management via medical therapy (n = 1), and inability to access full text (n = 1).
Classification schema
The lack of symptomology is classically attributed to EP; however, the case reports we reviewed were all symptomatic cases of EP. EP is typically found incidentally, either at autopsy or on imaging sought for investigation of symptoms unrelated to the identified EP (i.e., incidental finding). We found two cases of EP with associated vestibular schwannoma. Özgür, et al. identified 11 cases of classical EP, with one patient presenting with concurrent schwannoma. Watanabe, et al. also described a case in which a patient presented with right hearing disturbance and reduction in sensation in the right side of his face due to a large cystic schwannoma [14, 16] .
As far as radiologic features, the three major criteria we identified were T1-hypointensity, T2hyperintensity, and lack of enhancement with gadolinium (contrast) administration. These three features were the most consistently cited characteristics that allowed one to make a diagnosis of EP based on imaging alone ( Table 2) . We identified two cases that did not meet these three radiologic criteria but were diagnosed as EP, taking into account the histopathologic and immunohistochemical features. [21] . The most recent case of a giant EP in which the EP measured 2.1 cm x 1.8 cm x 1.7 cm (6.426 cm 3 ) was described by Choudhri, et al. Therefore, the literature suggests that anything greater than 3 cm in diameter or 6 cm 3 in volume is consistent with a socalled "giant" EP, and we have included this in the radiologic features under our proposed diagnostic criteria [1] . Other features of EP include the location and the associated bony stalk or pedicle. As far as location, EP is classically intradural and near the midline with respect to the craniospinal axis; however, it can be located in any combination of the extradural, subdural, and subarachnoid spaces [7, 17, 22] . EP in the subarachnoid or subdural space is typically connected by a thin pedicle or bony stalk, which is often described, but not often visualized, as an osseous stalk-like projection connecting the lesion (EP) to the dorsal aspect of the clivus; it is considered the pathological hallmark of EP by some authors [12] . In our opinion, Rotondo, et al., in their case report of a symptomatic EP, demonstrated the most distinct and classic image of the stalk-like projection. Focal bone erosion and even destruction are other features we came across on multiple occasions, which has been suggested to be attributable to a higher grade EP ( Table 3) . 
Discussion
found that the tissue resembled the soft gelatinous nodules noted at the clivus and subsequently coined the term "ecchordosis physaliphora", which implied notochordal rather than chondral origin. In addition, Ribbert described the cyst wall as consisting of layers of fibroblasts within a collagenous matrix containing occasional chronic inflammatory lymphocytes and plasma cells [23] . Although not explicitly stated, what Ribbert had likely also observed was a lack of mitoses, characteristic of EP and reflective of the low proliferative index, which explains the typically asymptomatic presentation. In fact, this mass is often only identified on autopsy (0.5-2.0%), or incidentally, with likely unrelated symptoms, such as in the patients we present in this case report [1] . Dr. Rengachery's work in assimilating these studies was imperative in establishing the diagnostic criteria in the early stages of ecchordosis physaliphora discovery.
In contrast, chordoma often presents with a headache and multiple cranial nerve palsies due to mass effect on the brainstem. Computed tomography (bone window) may demonstrate a bony stalk or pedicle and/or focal bone destruction along the posterior aspect of the clivus. MRI displays an intradural mass with T1hypointensity, T2-hyperintensity, and gadolinium (Gd) non-enhancement. T1-and T2-intensities are due to the lack of fat and abundance of mucin, respectively, whereas sparse vascularity precludes enhancement. Chordomas, on the other hand, are often extradural, displaying intratumoral calcification, both T1-and T2hyperintense, and enhance upon administration of Gd due to increased vascularity and disruption of the blood-brain-barrier, a feature common to most malignant lesions [24] . Imaging alone has the potential to guide management of these clival lesions. Asymptomatic EP is managed by serial imaging, often remaining stable over years, whereas chordomas display progression in as little as one year by way of either mass effect or metastasis [21] .
Symptomatic EP warrants resection, via evolving surgical techniques, as made evident by our review of the literature. Unlike the conservative management of asymptomatic EP, chordomas require a more aggressive approach (i.e., gross total resection with postoperative radiation therapy). The response of EP to radiation therapy (e.g., Gamma Knife) has not been described in the literature. Histologically, EP and chordoma are indistinguishable, owing to similar embryologic derivation. Both demonstrate large cells characterized by copious intracytoplasmic vacuoles and extracellular pools of mucin, which resemble bubbles, hence, the term "physaliphorous". Immunohistochemical methods have aided in demonstrating the aforementioned common notochordal origin of both EP and chordoma, allowing differentiation from other masses, such as neuroenteric cysts, but have provided little in the way of distinguishing EP from chordoma. Despite similar staining characteristics (cytokeratin, EMA, S-100, galectin, and brachyury positivity and GFAP negativity), the literature does describe subtle features, which favor the diagnosis of EP (e.g., a lower Ki-67 index, a very low MIB count, and absence of mitosis) [25] [26] . Furthermore, electron microscopy of EP features unique rough endoplasmic reticulum (RER) mitochondrial complexes, intracytoplasmic invaginations, numerous intracytoplasmic vacuoles, and plasma membranes with pinocytotic vesicles and cell junctions. However, EM is less commonly cited as being integral to the diagnosis of EP.
Conclusions
The two patients described in this literature review presented with classic features of EP (asymptomatic with the characteristic radiologic profile). Based on our proposed classification system, both tumors fall within the range of Grade I-III EP. Advances in imaging and immunohistochemistry have aided in diagnosis to an extent but, to our knowledge, identification of the genetic fingerprint of EP has yet to take place. Thus, further cytological analysis of these lesions in search of a genetic link is warranted, as is the call for reports of EP with other incidental findings. The diagnostic criteria we propose is based on features consistently cited in the literature; however, it is glaringly obvious that in order to meet histological and immunohistochemical criteria, one must obtain a tissue sample via biopsy. Although we reviewed many case reports that described novel techniques of resection, analysis of tissue was often performed after neartotal or gross resection of the masses. We did not come across any case report describing biopsy undertaken without subsequent resection. It is conceivable that the benefit of biopsy of Grade III EP (based on our proposed classification system) with subsequent histopathologic and immunohistochemical confirmation outweighs the risks of complete resection and may obviate the need for serial MRI. Chihara, et al. recently proposed a new classification system of EP based strictly on radiologic characteristics identified using contrast-enhanced Fast Imaging Employing Steady-State Acquisition MR imaging (FIESTA). Chihara, et al. separated dorsal surface lesions into classical EP and possible EP. Classical EP was further subdivided into type A: hyperintense excrescence (cyst-like component) on the dorsal surface of the clivus and type B: hyperintense excrescence, plus a hyperintense lesion within the clivus. Possible EP was further subdivided into incomplete EP characterized by a T2-hypointense protrusion of the clivus and an EP variant characterized by hyperintense lesions within only the clivus [7] . Our classification system attempts to extrapolate gradation of these lesions in the context of clinical presentation in order to help guide management.
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